In this study we were investigated the relationship between the antifungal activity of some benzimidazole derivatives and some absorption, distribution, metabolism and excretion (ADME) parameters.
INTRODUCTION
The quantitative structure-activity relationship (QSAR) represents the analysis in which the structure of molecules is quantitatively correlated with their biological activity (1, 2) . The main postulate of QSAR is that the biological activity is a consequence of the chemical structure. The multiple linear regression (MLR) is one of the most fundamental and common modeling methods for the regression in QSAR (3, 4) . The choice of proper descriptors is the key of a successful QSAR model. There are a large number of descriptors available for the use in QSAR studies, from the simple molecular weight to the molecular surface area, or more complicated, such as absorption, distribution, metabolism and excretion (ADME) parameters (5) .
The benzimidazole ring is an important pharmacophore in modern drug discovery. Attention has been increasingly given to the synthesis of benzimidazole derivatives as a source of new antimicrobial agents. Benzimidazole derivatives play an important role in medical field with so many pharmacological activities, such as antibacterial, antifungal, antiviral (6, 7) , antiproliferative, antioxidant (8, 9) , anti-HIV and anticancer activity (10) . In addition to high biological activity, new antimicrobial agents which can be used as drugs in treatment of this type of disease must have an appropriate bioavailability. The importance of ADME properties of potential drug molecules is now widely recognized (2) . If the ADME properties are considered early in the drug discovery process, it can reduce the costs of drug development and decrease the attrition rate of drug candidates. Various physiological factors reduce the availability of drugs prior to their entry into the systemic circulation. Those factors may include, but are not limited to: poor absorption from the gastrointestinal tract and degradation or metabolism of the drug prior to its absorption. The knowledge of physicochemical properties of drug candidates is crucial for reducing the attrition rates due to poor biopharmaceutical properties (11) . The key aspect of the biological activity of a majority of compounds is their ability to get through the biological membranes by passive transport (5) . The properties related directly to the biological effect of drugs are water solubility, drug transport characteristics, toxic and metabolic characteristics.
In this paper, some of benzmidazole derivatives were studied in order to find possible relationships between their antifungal activity against Saccharomyces cerevisiae and some ADME parameters. The aim was to derive a statistically significant QSAR model to indicate which ADME parameters are indispensable requirements for improving the activity of this class of compounds as potent antifungal drugs.
EXPERIMENTAL
The structures of the benzimidazole derivatives investigated in this study are presented in Table 1 . All the investigated compounds were synthesized by a procedure described earlier (12). The results of antifungal activity against Saccharomyces cerevisiae for the molecules were taken from reported paper of Podunavac-Kuzmanović et al (13) . Saccharomyces cerevisiae was selected as a test microorganism for this investigation because this yeast is one of the most intensively studied eukaryotic model organisms in molecular and cell biology, much like Escherichia coli as the model bacterium. It is the most useful yeast, having been instrumental to winemaking, baking and brewing since ancient times. The minimal inhibitory concentration (MIC) of the studied compounds is defined as the lowest concentration of the compound at which there is no growth of the strain. The negative logarithms of molar MICs (log 1/c MIC ) were determined and used for further calculations.
The in silico prediction of ADME parameters of studied compounds was calculated using the online PreADMET program (14) . The parameters of Lipinski's Rule of five were calculated using the online Molinspiration program (15). The MLR analysis was carried out by the NCSS statistical software (16).
RESULTS AND DISSCUSION
The entire pharmacokinetic profile is influenced by the physicochemical properties of compounds, such as molecular weight, lipophilicity, hydrogen bond donors and acceptors. The expression "drug-like molecules" describes properties that are characteristic of the majority of pharmaceutical agents. The theoretical prediction of orally administered drugs by the "Rule-of-five" was proposed by Christopher Lipinski and co-workers (17). Lipinski's Rule of five allows the evaluation of drug-likeness, or determining if a chemical compound, with certain pharmacological or biological activity, has properties that would make it a likely orally active drug in humans. The "Rule-of-five" defined several criteria for identifying compounds with possible poor absorption and permeability:
1. molecular weight > 500 2. calculated CLogP > 5 or miLogP > 4.15 3. number of hydrogen bond donors (HBD) > 5 4. number of hydrogen bond acceptors (HBA) > 10 (17). Poor absorption and permeation are more likely to occur when any two of the above rules are satisfied. For the investigated compounds, the values of these four parameters are listed in Table 2 . Lipinski's number 4 for compounds 1-14 and 17-22, confirmed that they are predicted to have good absorption or permeability properties. The score 3 for compounds 15 and 16 indicate that the prediction for the same properties is indeterminate. Also, compounds 19 and 20 have the value for CLogP very close to 5, which can be related to the substituent R 2 , because the same substituents have compounds 15 and 16. The values of antifungal activity of the benzimidazole derivatives against the tested Saccharomyces cerevisiae are summarized in Table 1 . The results reveal that the investigated compounds expressed inhibitory activity against Saccharomyces cerevisiae. The molecules with the highest log 1/c MIC are compounds 16 and 20, so they are the best antifungal agents. This is not in a good agreement with Lipinski's rule because it is possible that some molecules are good antifungals, but they are not orally active drug in humans.
In order to identify the effect of the ADME parameters on the antifungal activity of the investigated benzimidazole derivatives, 22 molecules were used to generate an MLR model. In this study, different ADME parameters for each molecule were generated (plasma protein binding-PPB%, human colon carcinoma cell permeability-Caco-2, and Madin-Darby Canine Kidney cell permeability-MDCK), and they were used as independent variables to be correlated with the antifungal activity. A low correlation between the variables (ADME parameters) is one of the fundamental criteria for including parameters in the MLR equations. Before generating the models, inter-correlation between parameters was considered, and highly correlated parameters were removed (Table 3) . A complete regression analysis was made including the linear, quadratic and cubic relationships. The introduction of a third parameter improved the statistical indices of the QSAR model. The best QSAR model was obtained with three variables in the MLR model presented in Table 4 . The model included the ADME parameters that are closely related to the drugs transport characteristics, such as PPB, Caco-2 and MDCK cell permeability. For the investigation of the intestinal drug absorption numerous in vitro methods have been used, and Caco-2 and MDCK cells models have been recommended as a reliable in vitro model for predicting the oral drug absorption. The PPB% parameter indicates the percentage of test chemicals that will be bound to plasma proteins.
The statistical quality of the developed model is given by the correlation coefficient (r), standard error of estimation (s), Fisher's value (F), and they are presented in Table 4 . In the ideal situation, the r is equal to or approaches one, but in reality, because of the complexity of biological data, any value above 0.80 is adequate. The F obtained in the equation is statistically significant at the 99% level, since the calculated F is higher than the tabulated value.
To test the predictive power of the QSAR model, the LOO analysis has been made for the equation. The results based on the rules of LOO technique and cross-validated parameters: the cross-validated squared correlation coefficient (r 2 CV ), the adjusted squared correlation coefficient (r 2 adj ), the predicted residual sum of squares (PRESS), the total sum of squares deviation (SSY) and the uncertainty of prediction (S PRESS ) are shown in Table 5 . The value of the r 2 cv and r 2 adj are greater than 0.5, which is a proof of good predictability of the model (1, 5) . The PRESS is an indicative cross-validation parameter of the real predictive error of the model. It can be considered statistically significant if its value is less than the SSY. In view of this, the developed model is statistically significant. The only way to estimate the true predictive power of model is to test his ability to predict accurately the biological activities of the compounds. In order to verify the predictive power of the developed model, the predicted log 1/c MIC values of the investigated benzimidazoles were calculated using the developed model and compared with the experimental values. A close agreement between the observed and calculated inhibitory activity is found. Further, the plot of predicted log 1/c MIC values against the observed log 1/c MIC values also provides the superiority of the developed model (Fig. 1) . From the presented model, it can be concluded that the strong influence of Caco-2, MDCK and PPB% parameters is important for the antifungal activity, which is usually related to the pharmacological activity. Therefore, it can be suggested that drugs transport properties, such as ADME characteristics, have to be checked for the designing of potent antifungal agents, as they are decisive factors for its activity.
CONCLUSION
Lipinski's Rule of five has provided a simple method to identify suitable compounds mostly for oral administration based on the ADME parameters. The correlations between the MIC and some ADME parameters were investigated, and mathematical models were developed for predicting the antibacterial activity of this class of compounds. The MLR analysis provided a useful equation that can be used to predict the antifungal activity of this class of compounds against Saccharomyces cerevisiae. The model is based on the ADME parameters that are closely related to the drugs transport properties. It can be concluded that new molecules should be designed by considering the PPB%, MDCK and Caco-2 of the benzimidazole molecule. The results of this study indicate that different ADME parameters have a significant effect on the antifungal activity of this class of compounds.
